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1 

± 1 1 ffM ^ n ^ (7) J5 ^ mi" II ~ to 7. 

ry^^r (NH3) t^A. mrS£^z:o:^-xc7)4^t;(i 

[0 0 0 1 ] 

* m ^ i6 1 - f^tt ^ n Tt: j t ^?^^if s i: M 

[0 0 0 2] 

If/t*c7)tJ^ff] MOCVD (Metalorganic Chemical Va 
por Deposition) it. jt^^t^^^^Sff t7)ft^W^ffi^BIS 

(DUt-ox^y) . z<Di,<Di±mM-'^^^y&<n%mi)^'^flix 

[0 0 0 3] III -Vm<nuOCYY)(Dm'k. ~Wl\zV 

mmMi)mm\zm^^i^fz'^m^\zv^^^-x^^nJii^^^^ 

[ 0 0 0 4 ] tfz. Ill - V:^.(7)4>r'G a N^A 1 G a 



(2) it$^¥6 - 2 1 6 0 3 0 

2 

v^'5>W#?i-C* NHS ^ h V > ■f-JU:^"''J ^ A (TM 
G) . h U (TMA) ^Jf^.t'ltc^o 

/jMO G-V B\z^:hm^mi^^^<^^^i'^X\^^^o - 
[0 0 0 5] 

[f&0^7i»^~fi???^Li -7 t^-i)!!®] LTi^L^'^O^fb. ccoj: 
^ NH3 (tTMG. TMAi:?:^^ 

Mat:i^v^TRJ^'-t'i>;t:A6 (itft^^ NH3 tTMA^rO 

^s:t:<ni^'t\.zmzm^xhho 

[0 0 0 6] COJ: ^ ^Pa^fi=tS?*-t^/::*6ti. ^f^BB 
6 1 - 2 0 2 4 2 2-^-Cli. /Ifl-:^''^ ^^n^migljic 

-tf ^ 1 1 i i 1^. X t c i a 1^ (7) #g ^ ifc n t z s L n ^ * 

20 JTf 1383 6 1 - 1 8 6 2 8 8 -^ll(i:J[?.fl-:^'XO 

^ o 

[0 0 0 7] ^^mit:^^^^^mmf.zm^mm^iifzi><o 

X^-oX. ^<7)gd^ti, NH3 tTMG. TMA^com 
[0 0 0 8] 

i:J.±cOJ[f.f|:^'x(c J: >^)ft^-i;t7ii^B/S;T*l' ^ J: o 4SS^?L 
(let t9a$£^:*i^ J: ^ii«ffeL/^o 
[0 0 0 9] 

40 [f^ffl] iajf-r^Vn-^^;foKi. ^^SiS^COlEBiI 
T% 2 ^I:J,±o;^»>^7'X {C J: ^fR@irL7!i-'B)S:T' ^ ^ <t o 

4'3iii7L. Mx.i£. wLn:fj\^i^znLxm.^-r^'^fi]i,zi^ 

[0 0 10] 

50 m-^ikm^kmi -mb^m^.Lxmn-tho ^.(nmM 



(3) 



^^ip6 - 2 1 6 0 3 0 



[0 0 1 1] HI iZTT^^ii^h X ^ izi^^B^(Dmmi (is 
^^Ki^^~<-m^i^X\^^^^^^^^ Z.-<D 

ioJ:a^"|g~<7)-7n--^-v^-;u 1 7, 2 7t. Ziihcoy 
n--f--v ;tou 1 7, 2 7 (c?Iili-^/?,f4:^*■x#t|&/^' -f "7" 
15, 2 5 ^^LTv^^o ^ LT. wn^bOfltJ^VN'-f -7° 
15,2 5li^n^'':li[ll7FL^^'^^;ifl'P^7-X^?|tI^^$' 

[0 0 12] mmK^Z^m^2it. Wx(i\ H^Wm^'b 

HIS ilTF^n^ J: ^ 4 o<7)±T:£*c7)Pi^ 1 7 a, 1 
7 b, 17 c, 1 7 d =^^LT\.>^o [im^iov^t:±:^ 

OPiM 1 7 a fi. — ^fj. |gZ:'7n--^-r 2 7 (7)TS 
^^>ffMLTv^'S>o -f-LT. CcoHMl 7 aii(i. X'; 
y h 1 OTi^^'ff^^^n^— Ovn-^-v TWb l 7 [^^itn 

c7):;^-X t , ^Z:(7:>7n-'^^^.;b2 7p^^i/1cn'i) 20 

0(i. [U 2 io i: Cf^^tl 5 $ n^g) J: -9 7 n --f- ^ :t-^ ;u 

0^a^S<7)itiiW2 i:(9<>:'c^<en^o T:^Oll^ 1 7 b 
<7)ffi&4'*^r>^"Uli:|gB^BS1S7 7:)^'@£M^ns f-<75S1S7 ^ 

\^^^o m^cO-7n --f- -V ^wi. 2 7 ti. El 3 izjfk^n^ X 30 
-9 UCnt i/j4 oc7)±T^E^<7>PiM2 7 a, 2 7b 
(17a<l:^^), 2 7 c, 2 1 d "k^-T hmmm^W^ 

<ti:^Xn tlx 'J y h 1 0 ^3^^Vc<h c^-e$tih^^i^ 
((HI) o ceo J; ^ 4^^—07 n--^^ ^wn 7ioJ:a^^ 
^"0 7 0 — ^-v ^-)V2 7 li-^-n-^'^iOipsw 3 — 
T% 7)^o-^-t:*7'^<7PiliiW4 J: to i:^^ < IS^^n^o - 

[0013] mrBeR^^:'gf^ 2 (D±.m.m^x. TfT\rm(nm 40 
ffitiii, -f-n^-n. 7 V > V eiocto^^i 6;^i^~3i$s$n 

^i:c7);^ji|.:^'xlit|^VN"^ -7' 1 5, 2 57;!^ m~i^X.xfm 

-07n--f--v:TOH 7, 2 7 ch^IS^n-i) i: ^ ic|S:g 
^a^o ^^btl^ -7^ > V 6 (l(i-7n— ^-V :f>;i^ 1 7, 
2 7On/5littC7K^^i;rLl-/j*t>c07K«mf-&^^M y 3 5 7^?^^ 

[0014] *Sb^bS*S7 cO-^n-^-V ^> 



2 7<7)*(IlifSB^B^«±i;fM$^n>S)|gB^BOfig:RiiS^ 

^-r ^ ^11(7) X T^^^sg ^ ^ n <7) >^-x irc^ioit. 

--r-C^:t:? fe-^-C0_:^:xirL3^ V .1 /-gg— :^:xirL5i_V 2^0ffl 
5- 2 0 0. J: t9»i L < li 1 0 - 1 0 0 ^4^^ J: 

c7>ffi7:i^^2 0 0 ^®x,^ m~(r)if7.(nm^^m^i)m 
z^o -fee. m-<r>if:^m.mv i<D\rimt^ 50-2 

0 0 c m/ sec flKT'i) ^ o 

[0 0 15] Ml -Vm(nit'^m^mW. itftlGaN, 
A 1 G a NcOlf 09 7 0 — ^-v ^t^.'V 1 7 ^ri^K^t-^ 

^ifiJcOg"^O:^-Xc7)p|:i(rfi0iJx.ti:\ ^— o;f:#:^'X <h L 
-r(7)T>^-T {NH3 ) t U T:^^'X<!: LT^7)7K^ 

(H2 ) 'h^^Wi'^^hn. ^Z:<7)7^n — -f-^ :f^;L' 2 7 =^i1c:il 
^|?i:£7):^'XC0 4'll(i> ^Z.<DWM'^^'^ t LTCO h V ^ 
^ »j ^ A ^ . V ^^)Vif^) ^ V ^) ^'f')\^r )V 
= -ii^A t</)S^-:^-'Xh. ^-V U T:^''X t LTO;ic^ 

(H2 ) i)m^^hn^o 

[0016] 1 1 - V I m(r)it'k^^mV^. itf Z n 
S. Z n S e (T^jf-^^ ^— (7)7n — ■f'-v ^t'-^l' 1 7 ^vSc^i 
^H— OJ[lf|-:^'X i: LTfi. H2 S, Hz S e ;^i^^4tS 
-r\ ||i:(7)7'n-f--v ^OL' 2 7 ^^;tn^mIcO|g5^"^:^''X 

[0 0 17] m^fe*^#t^&^^''r 7^3 bi)^h{t. * 

« (H2 ) 7!i^W-&$^:ii. z,(ni\mi±m~^xxfm:i<ny 

n-^^;foH 7, 2 7 ;^r- b;E#:^'X^<7)Sn^^4' < 4^ 

f i-:^- X c7>r^:i^ ^ i- ^ tiffl ^ ^ o 

[0 0 1 8] ±^£LTl^7^c. *5§H.^^gOftffl{lov-T 
A 1 G a Njk^-ife4^2gf*:^piJlC^oTSi0^i-ao VJ^T' 

(N) (DWMX^^ry^^T (NH3 ) 
^-v u r-e^>^7km (H2 ) tgtu^— <7)-7n--^-\':t^ 

[0 0 19] — 1 1 I mo^WMXh^ h U > -^^V:^''; 
^ A h ij > ^^ut;u ^ - ^ a h<7)rS^-:^'X(i, p] i: < 
^-V'J TT^i)'?)*^ (H2 ) hftttc^z:0 7^n--f-^;t-> 
)\^2 1 \zm^^i^^o Z.<Dm^. NH3 ti:i§fij1fH^^ 

-r^c Lv^coT% mm.ititmffk (tmg + tm 

i^^i'eitn'i)^!— coJ!^f4^'XUiKv-iiS 
i: ^ i:xu y h i: T^;rc^lr'^i;^f^:^'X IC J: >i>^^ 



-3- 




5 

X. Ill m^if:^i^. vm<oij'^y^-^iziji:^Lx\^^ 

[0 0 2 0] ^k^^x. ^^m<7^'&fmi:m 6 - m i o 

^^^^^X^^m-t^o M 6 lCii:^~<7) n--f-^ :fwb 2 7 

LriI?ci-'i):^f^i;#C^^*'&;=^ y h l O =^?Mli (CcO0iJ 
T^(i. 41S) tkif fz&\:f)W^ ^ i-i ^ o h(0^l±. IS 

B^0^i3^7o^-ss?^':^'j y h(nmxmj^^i:^mtxm 

[0 0 2 1 1 [17 ICIi^ZOV D--f-ir 2 7 CD T 'mi 

b P^T L T t ^ ^ . gLvJTL ^ ^ -ti- ^ C ^ 4* < vJTl ^ 

[ 0 0 2 2] mSiZi±mZL(nyu-^-T^^}V^^C::>iZ2 
-Dlz^'-ifX, 2':>iZ'!d'^^i'ifz^it^ii(r)^^':^-^)V3 7, 
4 7 tlOV^TX 'j -y h 3 0, 4 0 ^I^ttT^^^^o C 
^(-(i. ^iJx.(i\ Mi -V5^.<7)A i G a N 0-fl:#if^#* 
f^^-ft^B^, lit J^.OTMG ^ TMA ^ ^§^-V :twl- 3 

7, 4 7fttc55"tfr^i:L-t*^r'79|'^- ii^^'-e^-^o 

[0 0 2 3] [HQ ^Jfei^lJlC^^n-?) X ^} y h ^ 

(119 (a) ) . ';run:^f^t::*4'LTIi:3^i-^:^f^t::*S*?: 
t-#L^"-^^I^(/:)ffl?LPtc^^7t:0iJ ((119 (b) ) T^f^'TF^ 

[ 0 0 2 4 ] mi 0 SI— coy n - -^ -V :t^;b 5 7 (I 

[ 0 0 2 5] ^>CtZ. ^?§H.gcoAf$W^^0lJ=^^L. 

mt. 'ikmm^^^x^RJZ^'^\^<o^'K^mnLfz^&. m 

LTcOtK^^'x^, ^HcOTn--^^ ;u 2 7 h 'j > 

X'J hiaiirT'OO^-— coyn--^^:?^^ 1 7 ^rvirC^iT. 
^iiT. (NH3 +H2 ) c7)^*5v;1c?^(i 110c mX s e 
c . |gZ:<^Vn--^-V 2 7 ^•;^fc:fV^:^"'X (TMG + 

T^^'o ^Se^a^isaR^ 1 0 5 orti 1 nmW:h. a l C a 



(4) #B3¥6 - 2 1 6 0 3 0 

m.-f)^hTmim.) \z^L.xm7^Lfzo m^^^^^mi i 
ism-^SMoc vD^stict ^')nhi^fzit^m^^sW'<r> 

i^^nitco'^-^i^.^^XTf^Lfzo 
[0 0 2 6] 

;u li^tJSSl#cOii:mi'C\ 2 fiW±OI^,f 1-:^* x J: ^ ft 
T\ Ittl. NH3 ^TMG. TMA^<r>WM^''^^^^'' 

[HI] *5|a^c7:)ft^-Jfe4^i»f*^+afiKft^«<7)-gfi^tf 
Bt: L fzm^&lEmmx ^ ^ o 
20 [0 2] ^§§0^(7:^'fl:4":fe¥«f*:^ffl«:S^g<7)«[B&I^B 

[[213 1 HI con I -Ml ^ta(l-t?*'^o 

[[14] ^1S±ti^Bg^n^ill JM<75^'':^<7)Kt5:(7>t^@. 

[US] :7n-^-\^ ^obcoipsi;, x 'J y hOifi^. -*f-b 

[He] ^mn(r)'^m\zm^^^'^') -^v^mtk izmw 
r-fi. 4m) -^-t i^^'^m^kTr^Ltzm^w-mmx^ho 

30 [117] m~(Dyu-^\^^}\.(DT\nm^iWi1}lLtz^ 

fm iT^Lfz m^&^^mmx^^ o 

[[18] ^z:co7n-^-v;f^;u^$(b(;2oti5titT. 

$^iffz "^mLfz m^&w-m mx^^o 
[[19 1(19 (a) um-^mu^m^ii^:^') -y h<n 
i}t±mnmi. [19 (b) fiirLn:^(S]ii^t LTE^-r-^ 

te^$W(i-r-^^o 

[dlO] ^— c0 7n--f--\^:ts;Kcp/f^<o-r-/<=Srfxtt 
40 Tt: ^ fr^ LVz mmw-mmx $> ^ o 

[dl 1] *§6B^(0^gioJ:C/!^E*c0^g^^n^'nffl 

I5<7)fig (±*;rLf5:e;^^»bTv;rdiM) Lxm^^ ttz^ 
[ff-?-^omH>§] 

2-R^C:>^fl 

7 •••$aS^1S 

1 0---X »j y h 

50 2 7"-^z:<7)*7D— -f-^ :f. ;b 
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^m^e- 2 16 0 3 0 
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^m^e- 2 16 0 3 0 
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